Objective The aim of the present study was to evaluate the influence of inhaled corticosteroids (ICS) on community-acquired pneumonia (CAP) in patients with asthma.
Introduction
Inhaled corticosteroids (ICS) are the most effective therapy for asthma currently available and have been used in such patients with few systemic side effects. However, their influence on community-acquired pneumonia (CAP) has not been well established.
A few authors have reported the influence of ICS on respiratory tract infections (1) (2) (3) (4) (5) . These reports contain not only patients with CAP but also many patients with acute bronchitis. The influence of ICS on CAP is not precisely clarified.
We investigated the clinical characteristics of pneumonia in asthmatic patients who did and did not use ICS. The aim of the present study was to evaluate the influence of ICS on CAP pneumonia in patients with asthma.
Methods

Patients
All asthmatic patients who required hospitalization for community-acquired pneumonia from the beginning of 1989 through December 2001 were enrolled in this retrospective study. Patients who used oral corticosteroids daily were excluded, as were those with chronic bronchitis, chronic obstructive pulmonary disease (COPD) or bronchiectasis, those who were immunocompromised or who had a malignant disease. Patients were divided into two groups based on the use of ICS, and we analyzed the clinical characteristics of their pneumonia. Patients with ICS had used ICS at least for 3 months before admission. Patients without ICS had never used ICS before admission.
Asthma was diagnosed according to the Guideline of Global Initiative for Asthma (6) . COPD was diagnosed referring to the Global Initiative for Chronic Obstructive Lung Disease (7) . The definition of CAP was based on the definition used in the article by Ishida et al (8) . Patients who met three of following criteria, including the 1), were diagnosed as having pneumonia: 1) infiltrates on chest X-ray, 2) body temperature over 37°C within 24 hours of admission, 3) production of purulent sputum, 4) C-reactive protein (CRP) value greater than 0.4 mg/dl, and 5) white blood cell count higher than 9,000/ l. In this article, 4) is add to the definition used in the article by Ishida et al (8) because some old patients with CAP show normal value of white blood cell count and high CRP value. Patients were excluded from this study when the above-mentioned abnormalities were attributed to another cause such as chronic inflammatory lung disease, collagen vascular disease and so on. Those with tuberculosis and atypical mycobacteriosis were excluded. Patients with atypical pneumonia were excluded because of technical limitations of the examination. The resolution period was defined as the period from admission to the time when the body temperature, white blood cell counts and CRP value decreased to normal range.
Identification of pathogens
When specific organisms were isolated from sputum, blood or pleural effusion and compatible with the clinical course, they were considered as pathogens. Organisms isolated before manifestation of pneumonia were considered to have been colonized.
Statistical analysis
Results were expressed as mean±SD. Differences between the two groups were compared using Mann-Whitney's U test, the Chi square test or one-way ANOVA. p<0.05 was considered to be significant. All data were analyzed using StatView J-4.5 (Abacus Concepts, Inc., Berkeley, CA).
Results
Sixty-two patients were enrolled in this study. The mean age of the total study population was 54.5 years (range 16-83), and 28 were male and 34 female. Thirty-seven of the 62 patients used ICS and 25 did not. Mean dose of ICS was 777.9 g/day with a range of 200-1,600 g/day in the patients who used ICS. All patients had mild to moderate asthma.
As shown in Table 1 , the mean age and serum albumin level did not differ significantly between the two groups. Table 2 shows characteristics of their asthma. Pulmonary function tests had been performed within 1 year before admission. No significant differences were observed in the duration of asthma, pulmonary function and frequency of intravenous infusion of corticosteroids in the outpatient department.
With regard to the clinical characteristics of pneumonia, no significant differences were observed in body temperature, white blood cell counts, and CRP values on admission between the two groups (Table 3 ). No significant difference was detected in the number of days required for resolution of the pneumonia (resolution period).
Streptococcus pneumoniae was the most frequently found pathogen in both groups (Table 4) . No statistically significant difference was observed in the frequency of pathogens between the two groups.
Patients with ICS were divided into three groups based on the daily dose of ICS and we analyzed the clinical characteristics of their pneumonia. No significant differences were observed in body temperature, white blood cell counts, CRP values on admission, and the number of days required for resolution of the pneumonia in the three groups (Table 5) .
Discussion
Influence of ICS on CAP has not been well established. Only Kobayashi and Iikura have reported a clinical study on the influence of ICS on CAP (9). They found no significant difference in the severity of pneumonia, as well as white blood cell counts and CRP values on admission, between patients with and without ICS. But there are some limitations. It is clearly described that asthmatic patients with COPD or old tuberculosis are included in their study. But the number of those patients in each group is not described. They do not clearly describe the characteristics of both groups (with or 
without ICS).
Patients with COPD or old tuberculosis more easily acquire lower respiratory infection, which is difficult to cure. Gram negative rods were detected more frequently in patients with than without chronic airway inflammation. Frequent intravenous infusion of corticosteroid may induce immunosuppression. To et al (10) reported that the frequency of common pathogens (Streptococcus pneumoniae+Haemo-philus influenzae) was lower in patients with severe asthma than in patients with mild to moderate asthma.
If asthmatic patients with chronic bronchitis and associated conditions had been included, or the number of patients with severe asthma was larger in the group of patients with ICS, it is possible that factors other than ICS (severity of asthma, complicating diseases, etc.) influenced the infection.
In the present study, we strictly excluded patients in whom the above-mentioned factors might influence the clinical properties of pneumonia. Among our patients, the frequency of intravenous infusion of corticosteroid was similar between those using and not using ICS. Mean age, mean serum albumin and characteristics of asthma were also similar between those using and not using ICS.
Asthmatic patients with pneumonia only were enrolled to improve precision. In addition, no significant differences were observed in the clinical properties of pneumonia between patients with or without ICS.
The histological effects of ICS on the airway have been shown. Although thinning of the skin is well known as an adverse effect of topical steroid therapy, there is no evidence of a similar process in the airways (11) . Furthermore, Laitinen et al reported that the airway epithelia of asthmatic patients recovered morphological function after a 3-month period of ICS therapy (12). Lundgren et al found no evidence of epithelial structural abnormalities in patients treated with ICS for more than 10 years (13). Thus, ICS does not seem to disturb airway epithelial function or affect the properties of airway infection.
From our results and those of the histological studies, ICS therapy appears to have no influence on community-acquired pneumonia in patients with asthma. We recommend that ICS should be continued to control asthma with adequate antibiotic therapy when asthmatic patients experience respiratory tract infection.
A limitation of the present study was its retrospective design. Various doses of ICS were used in this study (200 g/ day-1,600 g/day). A high dose of ICS may influence the characteristics of pneumonia in patients with asthma. Our data shows that doses of ICS (less than 1,600 g/day) does not influence body temperature, white blood cell count, CRP value on admission and the number of days required for resolution of the pneumonia.
Various antibiotics were used in the patients enrolled in this study. In this study, the majority of patients received penicillin, first or second-generation cephalosporin or macrolides. Some patients received carbapenem or new quinolones mainly because of penicillin allergy. Choice of antibiotics may influence the resolution period of pneumonia. To check this point, the patients were divided into groups based on the antibiotics used for pneumonia and we analyzed the number of days required for resolution of the pneumonia. No statistically significant difference was observed in the groups (data not shown).
Also, our method of pathogen detection has a limitation. Marston et al (14) reported results of a prospective study of the incidence of community-acquired pneumonia and they categorized patients as having "definite", "probable", or "possible" infection with a specific organism according to definitions described in the report. A few of our patients satisfied the criteria of "definite". All other patients satisfied the criteria of "possible" or "probable" according to their definition. Even if they were not "definite", they were worth considering.
A prospective study on the influence of ICS on community-acquired pneumonia may provide more precise information. However, a prospective design is difficult to implement because almost all asthmatic patients in our hospital use now ICS. Although some mild asthmatic patients (some of patients taken care by their family doctor) do not use ICS, almost all moderate or severe asthmatic patients use ICS now. Around 1989, ICS therapy was not very popular in Japan, so some patients with moderate asthma were not given ICS. For this reason, the background (patient characteristics and clinical properties of asthma) of our two groups was the same. Furthermore, the date on admission of patients in each group is variable. Thus the progress of antibiotics and diagnosis of pneumonia in 10 years do not affect the result in both groups.
Also, we strictly excluded factors that could influence the clinical properties of pneumonia. Thus, we feel that this study does provide objective information on the influence of ICS on community-acquired pneumonia in patients with asthma.
In conclusion, ICS therapy seems to have no influence on community-acquired pneumonia in patients with asthma. We recommend that ICS should be continued to control asthma with adequate antibiotic therapy when asthmatic patients have respiratory tract infection.
